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Description 

BACKGROUND OF THE INVENTION 

This invention relates to an apparatus for capillary 
eleclrophoresis with fraction collection onto a porous 
substrate. More particularly, this invention relates to an 
improved apparatus for capillary electrophoresis that 
permits isolation of solutes from a solution onto a porous 
substrate after separating the solutes by capillary elec- 
trophoresis. 

Capillary electrophoresis (CE) is an efficient analyt- 
ical separation technique for analysis of minute amounts 
of sample. CE separations are performed in a narrow 
diameter capillary tube, which is filled with an electrically 
conductive medium termed the 'carrier electrolyte." An 
electric field is applied between the two ends of the cap- 
illary tube, and species in the sample move from one 
electrode toward the other electrode at a rate which is 
dependent on the electrophoretic mobility of each spe- 
cies as well as on the rate of bulk fluid movement in the 
tube. CE may be performed using gels or liquids in the: 
capillary. In one liquid mode, known as free zone elec- 
trophoresis separations are based on differences in the 
free solution mobility of sample species. In another liq- 
uid mode, micelles are used to effect separations based 
on differences in hydrophobicity. This is known as Mi- 
ceHar Electrokinetic Capillary Chromatography. In cap- 
illary gel electrophoresis the capillary tube is filled with 
an electrically conductive gel rather than with liquid elec- 
trolyte. The gel functions as an anticonvective support 
to minimize sample band spreading. In free zone capil- 
lary electrophoresis, a high molecular weight solute 
such as a polyethylene oxide or hydroxymethyl cellulose 
can be added to the solvent to provide sieving effects 
analagous to that supplied by a gel, 

CE is advantageous for several reasons. These in- 
clude fast separation speed, high resolution and small 
sample size. For example, separation speeds using CE 
can be 10 to 20 times faster than conventional gel elec- 
trophoresis. In part, high resolution can be obtained 
through the use of high voltages because of thB rapid 
dissipation of heat by the capillary. Further, band broad- 
ening due to convection is minimized due to the narrow 
capillary inner diameter. In most forms of CE, the lack 
of an anticonvective gel medium eliminates variable 
sample path tortuosity as a band spreading cause. In 
electrophoresis, the phenomenon of electroosmosis, or 
electroosmotic flow (EOF) occurs. This is a bulk flow of 
liquid which can move in either direction within the cap- 
illary tube and which affects alt of the sample molecules 
regardless of charge. EOF can contribute to improved 
resolution or separation speed in free-zone CE. 

At the present time, fraction collection for CE is gen- 
erally effected by inserting the exit end of the capillary 
tube into a vial containing electrolyte solution. An elec- 
trode is also inserted into the vial and the separation 
voltage is activated to effect migration of the solute from 


the capillary into the vial. After a period of time, the cap- 
illary tube end is moved to another vial and the process 
is repeated. This process is undesirable since the sam- 
ple becomes diluted by the electrolyte in the vial. In ad- 
5 dition, it is difficult to determine when to transfer the cap- 
illary exit end to another vial since, in general, one is not 
able to monitor when a sample portion has completely 
exited the capillary tube, particularly when the sample 
bands, are closely spaced. One approach for overcom- 
io ing this problem was reported by Huang and Zare at the 
High Performance Capillary Electrophoresis Symposi- 
um in January, 1 990 and is disclosed in US-A-4 908 1 1 6. 
The capillary is modified adjacent to the exit end by 
forming a hole in the capillary wall, making a porous frit 
in the hole and surrounding the porous frit with a reser- 
. voir filled with electrolyte. Electrical contact is made to 
the capillary through the fritted hole by means of an elec- 
trode in the reservoir filled with electrolyte. The exit end 
of the capillary is contacted with a rotating drum covered 
with filter paper. Most of the liquid in the capillary is car- 
ried past the porous frit by electroosmotic flow onto the 
filter paper. This approach is undesirable since it is dif- 
ficult and time consuming .to construct the fritted hole. 
Also, a portion of the sample is lost from the capillary 
through the frit and into the reservoir Also, this tech- 
nique only function when an electrosmotic flow occurs 
toward the capillary exit. 

U.S. Patents 4,631.120 and 4,631.122 disclose a 
method and apparatus for effecting electrophoresis 
through a porous substance such as a gel or paper. The 
porous substance rather than a liquid is required as an 
anticonvective medium. In one mode, the porous sub- 
stance Is positioned vertically and wherein one liquid 
electrolyte reservoir is positioned above the porous sub- 
stance and a second liquid electrolyte reservoir is posi- 
tioned below the porous substance. In a second config- 
uration the porous substance is positioned horizontally 
in a open slot. This method does not permit the use of 
a liquid transport medium since the medium would be- 
come admixed with the electrolytes within which the 
electrodes are immersed. The disadvantages of this 
method and apparatus are the same as that encoun- 
tered in gel eleclrophoresis not utilizing a capillary, 
namely; poor rejection of heat generated during the 
electrophoresis process, slow rate of separation Which 
allows undesirable band spreading, band spreading 
caused by differential tortuous paths for the sample 
within the gel and the requirement of manual sample 
loading. In addition, in both cases the end of the trans- 
port medium is immersed in an electrolyte and a portion 
of the sample migrating to the collection membrane can 
be lost in the electrolyte. In addition, the detection mean 
is off line and usually is nonquantitative. 

U.S. Patent 4,735.697 discloses a method and ap- 
paratus for separating complex mixtures of biomole- 
cuIbs such as proteins or nuctetc acids in two stages. In 
the first stage, the mixture is separated by high perform- 
ance liquid chromatography (HPLC). The efflu nt from 
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the HPLC stage is treated so that the components ex- 
hibit a uniform surface charge such as by contact with 
a detergent. The treated HPLC effluent then is deposit- 
ed on the surface of an electrically charged separation 
gel. This system does not permit high resolution spatial 
collection of sample since the electric field within the 
separation gel is not focussed at the HPLC column exit. 

Western blotting is a technique by which samples 
separated in a gel during a prior electrophoresis step 
are transferred to a membrane. The membrane- and gel 
are positioned between two plate electrodes and the 
membrane is wet with an electrolyte such as with a wet 
absorbent layer positioned in contact with the mem- 
brane. The samples in the gel are caused to migrate to 
the membrane by the voltage applied between the plate 
electrodes. 

It would be desirable to provide a means for recov- 
ering separated samples from a capillary electrophore- 
sis process which does not dilute the sample and which 
avoids sample loss. In addition it would be desirable to 
provide such a means which is simple to produce and 
operate. It would also be desirable to provide a means 
for collecting a sample in a format which is compatible 
with present analysis techniques, such as amino acid 
sequencing, radio immuno assay, ELISA or the like. It 
would also be desirable to provide a means that pre- 
serves the spatial resolution of the CE process in the 
recovered separated sample species. 

SUMMARYOF THE INVENTION 

The present invention provides a CE collection 
process and apparatus which permits the use of CE us- 
ing any presently available CE transport medium includ- 
ing liquids or gels to analyze samples and which permits 
the collection of separated samples on a porous sub- 
strate jn higher concentration than wifri present collec- 
tion techniques. An electrode structure is provided com- 
prising an electrically conductive solid surface which 
can be a nonporous surface or a porous surface such 
as a screen, a porous substrate wetted with an aqueous 
or nonaqueous electrolyte solution positioned in contact 
with the solid surface, and the exit end of an electro- 
phoresis capillary in contact with the porous substrate. 
An absorbent layer wetted with a conductive electrolyte 
solution can be interposed between the porous sub- 
strate and the conductive means to provide a source of 
ions in solution to the porous substrate. Alternatively ion 
containing solution can be applied directly to the porous 
substrate by any convenient means such as by spray- 
ing. Means are provided for effecting an electrical volt- 
age between the electrically conductive solid surface 
and a second electrode at or adjacent to the entrance 
end of the capillary. In use, the electrode structure is po- 
sitioned at the exit end of a capillary electrophoresis 
tube. The electrode structure of this invention replaces 
the presently used vessel containing carrier electrolyte 
solution in which the capillary tube exit is immersed. The 


entrance end of the capillary electrophoresis tube gen- 
erally is positioned within a vessel containing an elec- 
trolyte solution as well as the second electrode. To per- 
form a CE analysis, a volume of sample is introduced 
s into the capillary entrance. This is accomplished by 
moving the entrance end of the capillary into a vessel 
containing the sample solution and then using differen- 
tial or hydrostatic pressure or an electric field created 
by an electrode in contact with the sample solution to 

io drive sample molecules into the capillary. The entrance 
end Is then returned to the vessel containing electrolyte 
solution and the second electrode, and a high voltage 
is applied from the second electrode in the vessel at the 
entrance end of the capillary to the electrode structure 

. is positioned at the exit end of the capillary. The sample 
molecules migrate through the capillary tube under the 
influence of the electric field created by the voltage ap- 
plied to the electrodes. Upon exiting the capillary tube, 
sample is retained on the porous substrate portion of 

20 the electrode structure. By utilizing this invention, the 
entire sample can be recovered after capillary electro- 
phoresis since it is deposited directly on the porous sub- 
strate while avoiding an environment where sample loss 
can occur. In addition, since the sample is deposited on 

25 the porous substrate, it is in a form which permits further 
analysis by a wide variety of presently available tech- 
niques including amino acid sequencing, radioimmu- 
noassay, ELISA, hydrolysis followed by composition 
analysis, chemoluminescence, enzymatic digestion, bl- 

30 oassays or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of an electrode struc- 
55 ture utilized in this invention. 

Figure 2 is a perspective view of an alternative elec- 
trode structure utilized in this invention. 

Figure 3 is a schematic view of a capillary electro- 
phoresis process utilizing this invention. 
40 Figure 4 is an electropherogram of a sample by the 
process of Example I. 

Figure 5 is a schematic view of a capillary electro- 
phoresis process of this invention utilizing a continuous 
porous substrate. 
45 Figure 6 is a schematic view of an alternative elctro- 
phoresis process of this inverrttonrtitillzingTa'continuoiJS 
porous substrate. 

Figure 7 is a schematic view of an alternative proc- 
ess of this invention utilizing a submerged electrode. 
so Figure 8 is a schematic view of an alternative appa- 
ratus of this invention. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

55 The term 'capillary tube' as used herein means a 
tube having an inner diameter between about 1 and 500 
micrometers. 

The apparatus of this invention comprises a capil- 
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lary tuba having an entrance end and an exit end. Elec- 
trodes are positioned adjacent to each end of the capil- 
lary tube. In order to collect solute sample introduced 
into and passed through the capillary tube, an electrode 
structure at the exit end is provided which includes a 
porous layer adapted to retain the solute sample and to 
permit passage of the solvent for the sample through 
the porous layer. The electrode at the exit end compris- 
es an electrically conductive layer electrically connected 
to a source of electrical energy and the porous layer 
which is positioned between the electrically conductive 
layer and the exit end of the capillary tube. The porous 
layer can directly contact the conductive layer or can be 
electrically connected to the conductive layer such as 
by a salt bridge or by a solution of electrolyte. In an al- 
ternative embodiment, an absorbent layer containing an 
electrolyte solution is interposed between the conduc- 
tive layer and the porous layer utilized to retain the sam- 
ple solute. The absorbent layer provides a source of 
aqueous or nonaqueous electrolyte to the porous layer 
thereby to provide a conductive bridge between the con- 
ductive layer and the exit end of the capillary tube. The 
absorbent layer can comprise an ultrafiltration or micro- 
porous membrane, filter paper, fiber glass, woven fabric 
or the like so long as the. material is capable of absorbing 
the electrolyte so as to provide a source of electrolyte 
to the porous layer to maintain electrical conductivity 
therein while collecting the sample. 

The porous layer comprises a hydrophilic or hydro- 
phobic, microporous or ultrafiltration membrane or can 
comprise a gel such as a polyacrylamide or aqueous gel 
membrane. It can be advantageous to utilize a mem- 
brane which is hydrophobic when it is dry and which can 
be wet to become capable of transporting aqueous liq- 
uid through its thickness since these membranes can 
bind molecules such as proteins. Alternatively preferred 
membranes for binding proteins include hydrophilic 
polyamides or nitrocellulose. Generally, for use with 
aqueous electrolytes the hydrophobic membranes can 
be wet by contacting the membrane with a water misci- 
ble organic solvent such as ethanol, methanol, acetone, 
acetonitrile or the like and subsequently contacting the 
membrane with an aqueous liquid. Representative 
membranes include those formed from polyolefins such 
as polyethylene, polypropylene, polymethylpentene. or 
the like; polystyrene or substituted polystyrenes; fluori- 
nated polymers including poly(tetrafluoroethylehe). pol- 
yvinylidene fluoride or the tike; polysulfones such as 
polysulfone, polyethersulfone or the like; polyesters in- 
cluding polyethylene terephthalate. polybutylene 
terephthalate or the like; polyacrylates or an polycar- 
bonates; polyamlde nitrocellulose, vinyl polymers such 
as polyvinyl chloride and pojyacrylonitriles. Copolymers 
also can be employed such a copolymers of butadiene 
and styrene, f luorinated ethylene-propylene copolymer, 
ethylene-chlorotrifluoroethylene copolymer or the like- 
Generally, the microporous membrane has an average 
pore size between about 0.001 and 10 micrometers and 


more usually between about 0.1 to 5.0 micrometers. Ul- 
trafiltration membranes comprise membranes having a 
relatively open porous substructure and a thin skin hav- 
ing small pores as is well known in the art. 

The conductive layer can comprise a nonporous or 
porous solid layer such as a screen formed from a metal 
or conductive graphite or carbon or the like. 

Referring to Fig. 1, the electrode structure utilized 
in this invention to' collect sample is shown. The elec- 
trode structure B comprises an electrically conductive 
plate 10 connected to an electrical lead 12, a liquid ab- 
sorbent layer 1 4 and a porous layer 1 6 adopted to retain 
solute sample. The exit end 1 3 of capillary tube 1 5 con- 
tacts the porous layer 16. The absorbent layer 1 4 is held 
to the plate 10 by gravity. The absorbent layer is wel 
with a liquid containing an electrically conductive elec- 
trolyte. The porous layer 16 contacts the absorbent layer 
and is kept wet by the liquid in the absorbent layer. 

Referring to Figure 2, the electrode structure 18 can 
be in the form of a cylinder and comprises a solid or hol- 
low cylindrical electrically conductive plate 20 connect- 
ed to electrical lead 22, absorbent layer 24 and porous 
layer 26. Porous layer 26 contacts the exit end 19 of 
capillary tube 21. 

Referring to Fig. 3, a basic system that can be used 
in free zone capillary electrophoresis, capillary gel elec- 
trophoresis or mice Mar electrokinetic capillary chroma- 
tography is shown. As shown in Fig. 3, a capillary tube 
30, is positioned in reservoir 32 which contains carrier 
electrolyte and with the other end in contact with the 
electrode structure 8. A voltage from power supply 36 
is applied between electrode 31 in electrolyte reservoir 
32 and electrode structure 8. The sample passes 
through the capillary tube 30 t past detector 42, to elec- 
trode structure 8. The electrode structure 8 is placed up- 
on support 44 which is capable of moving the electrode 
structure 8 translatlonally or rotationally so that a pattern 
of the separated sample is formed on the exposed sur- 
face of the porous layer. The flat electrode structure of 
Fig. 1 can be replaced with the cylindrical structure of 
Fig. 2 in which case the cylindrical structure is rotated 
and/or translated axially.in contact with the exit end of 
the capillary tube 30. The detector 42 can be any detec- 
tor capable of analyzing the sample such as a UV ab- 
sorbance detector, a fluorescence detector, a conduc- 
tivity detector or the like. To introduce sample into the 
capillary the entrance end 40 of capillary 30 and elec- 
trode 31 are placed into vessel 35 containing sample 
solution 38. The voltage is then applied to electrode 31 
and electrode structure B for a brief period of time to 
drive sample into capillary entrance 40. Alternatively, 
hydrostatic or differential gas pressure can be applied 
to vessel 35 to force sample solution into capillary en- 
trance 40. 

Referring to Fig. 5, an alternative process arrange- 
ment is shown. Feed roll 52 and lake up roll 54 are uti- 
lized to move a metallized flexible layer 56 and mem- 
brane 58 between roller 60 and the exit end of capillary 
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tube 62. Sponge 63 serves as a reservoir for aqueous 
electrolyte to effect wetting of membrane 58 and to pro- 
vide an electrical connection between the roller 60 
through electrical connector 64 and a solute reservoir 
(not shown) at the entrace end of the capillary as de- s 
scribed above. Any means for wetting the membrane 
with an electrolyte can be employed including spraying 
means, contact with an electrolyte reservoir or the like. 

Referring to Fig. 6, a membrane sheet 58 is passed 
from feed roll 52 to take-up rol 1 54 between capillary tube 
62 and sponge 65 which is positioned on metal plate 68 
connected to electrical lead 70. A voltage is applied 
through the capillary tube 62 In the manner described 
above. 

Referring to Fig. 7, a membrane sheet 72 is passed 
from feed roll 52 to take up roil 54 into contact with cap- 
illary tube 78 and electrolyte 80 in container 82 and elec- 
trode 84 is positioned within electrolyte 80. The sample 
exits from capillary tube 78 and is retained on mem- 
brane 72 in the manner described above. 

Referring to Fig. 8, an absorbent layer 43 containing 
an electrolyte is positioned on support 45. A membrarje 
47, wet with electrolyte is positioned on absorbent layer 
43 and is in contact with exit end 51 of capillary 53 and 
also in contact with electrode 55. 

Subsequent to depositing the sample on the mem- 
brane, the sample can be reacted with conventional re- 
agents used In available assay or detection techniques. 
Examples of such reagents include radiolabeled or flu- 
orescent labeled reagents such as antigens or antibod- 
ies; staining reagents such as Coomassie Blue, Amido 
Black, Silver Stain or Xylene Cyanide ot ©rthophthaide- 
hyde. 

The following example illustrates the present inven- 
tion and are not intended to limit the same. 

Example 1 

For this experiment, the direct collection of eluent 
onto a continuously moving surface using the experi- 
mental apparatus shown in Fig. 3 was effected. The cap- 
illary had a 100 um i.d., 360 urn o.d. and a length of 80 
cm. A UV detector was employed at a wavelength of 21 0 
nm. The detection region was 20 cm from the exit end 
of the capillary. The attenuation for this detector was ad- 
]usterfto£»D5 AUFS. The stricochart recorder speed was 
set at 0.25 cm/min. The collection carousel comprising 
the flat electrode structure shown in Fig. 1 was spun at 
2.254 RPH (Revolution Per Hour). The surface velocity 
was calculated to be 0.55 mm/min at 2.8 cm distance 
from the center of carousel. 

A 1 mg/ml Myoglobin stock solution and a 1 mg/ml 
P-Lactoglobulin stock solution were prepared in 25 mM 
pH 7.14 phosphate buffer solution. Equal volumes of 
these two protein solutions were mixed prior to electro- 
phoretic injection for CE. 

Staining reagent was prepared by dissolving 1 .25 g 
of Brilliant Blue.R250 (Coomassie Brilliant Blue R, B 


0630 Sigma) in 500 ml fixative solution (by combining 
200 ml of methanol, 35 mi of glacial acetic acid, and 265 
mi of reverse osmosis treated water). This solution was 
stored tightly capped in a brown bottle at room temper- 
ature. Coomassie Brilliant Blue forms electrostatic 
bonds with NH +3 groups and non-covalent bonds with 
non-polar regions in the proteins. A 90% (v/v) Methanol 
solution was prepared in water as destaining solution. 

A polyvinylidene difluoride hydrophobic membrane 
(Immobllon-P available from Millipore Corporation, Bed- 
ford, Massachusetts) was employed as the fraction col- 
lection medium. Whatman filter paper (3MM Chr) was 
used as an absorbent layer between the membrane and 
a stainless steel electrode. The absorbent layer con- 
tained 25 mM pH 7.14 phosphate buffer and served as 
a buffer reservoir. The electrode structure was assem- 
bled as follows: first, 2 layers of Whatman filter papers 
were immersed in buffer solution; second, the wetted 
filter papers were assembled on top of steel electrode 
which also functioned as a rotation carousel; third, the 
immobilon-P was immersed in methanol for about 5 sec- 
onds and then immersed in buffer solution; fourth, the 
treated membrane was laid on the filter paper buffer res- 
ervoir in a manner to assure there was no air entrapped 
in the assembly; fifth, the assembled membrane collec- 
tion apparatus was raised to contact the exit end of the 
capillary; sixth, sample solution was introduced into the 
entrance end of the capillary by electromigration from a 
non-conducting vial at 8 kV for 15 seconds; the sample 
vial was then replaced by another vial filled with buffer 
solution, and the voltage was applied at 18 kV to carry 
out electrophoretic separation for about 30 minutes; 
lastly, the membrane was stained in staining reagent for 
15 minutes and destalned in destaining solution twice. 
After staining with Coomassie Blue two elongated spots 
were visible; one for Myoglobin and the second for p- 
lactoglobulia Each spot corresponded to a few tens of 
naograms of these proteins. 

. Additionally, the experiment was performed under 
regular CE conditions (having vials on both end of the 
capillary to form a complete circuit) without the fraction 
collection electrode structure 

Figure 4 shows the electropherogram obtained from 
regular CE of ah injection of two-component mixture 
containing Myoglobin (0.5 mg/ml) and P-Lactoglobulin 
(0.5 mg/ml). Peak A is Myoglobin and peak B is p-Lac- 
togtobulin. 

The observed current was stable at 96 uA during 
the electrophoretic. separation in both regular CE, and 
membrane collection. 


Claims 

1 . Apparatus for collecting a sample which comprises: 

a. a capillary tube 115,30,21 ,53) having an en- 
trance end (40) and an exit end (1 3 t 1 g,51 ), said 
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entrance end (40) adapted to be positioned 
within a liquid containing a sample solute (38), 

b. said capillary containing an electrically con- 
ductive composition adapted to permit sample 
passage therethrough, 

c. a first electrode (31) adjacent said entrance 
end (40) and being in electrical contact with 
said electrically conductive composition within 
said capillary, 

characterized by 

d. said exit end (1 3, 1 9,51 ) being in contact with 
a porous layer (16,26,47) adapted to retain said 
sample solute, 

e. said porous layer (16,26,47) containing a liq- 
uid electrolyte, and 

f. a second electrode (10,20,55) being in elec- 
trical contact with said porous layer. 

2. The apparatus of claim 1 wherein said porous layer 
is a microporous membrane. 

3. The apparatus of claim 1 wherein said membrane 
is an ultrafiltration membrane. 

4. The apparatus of any one of claims 1 . 2 or 3 wherein 
said second electrode is a solid metal layer. 

5. The apparatus of any one of claims 1 , 2 or 3 wherein 
said second electrode is in electrical contact with 
said porous layer by means of a metal screen. 

6. The apparatus of any one o1 claims 1 . 2 or 3 wherein 
an absorbent layer wetted with an electrolyte is in 
contact, with said porous layer. 

7. The apparatus of claim 1 wherein said conductive 
layer in graphite. 


PatentansprOcho 

1. Vorrichtung zum Sammeln einer Probe, umfas- 
send: 

a ein Kapillarrohrchen (15, 30, 21, 53) mit ei- 
nem Einlaflende (40) und einem AuslaGende 
(1 3. 1 9. 51 ), wobei das EinlaBende (40) in einer 
einen gelosten Probenstoff (38) enthaltenden 
FlOssigkeit'positionierbar 1st, 

b. welches Kapillarrohrchen eine elektrisch leit- 
fahige Zusammensetzung enthalt, die einen 
Durchlauf der Probe durch sie hlndurch zulaBt, 

c. eine neben dem bzw. am EintaBende (40) an- 
geordnete erste Elektrode (31), die mit der 
elektrisch leitfahigen Zusammensetzung inner- 
halb des Kapillarrohrchens in elektrischem 


Kontakt steht, 

dadurch gekennzeichnet, daS 

5 d. das Auslaftende (13, 19, 51) mit einer poro- 

sen Schicht (16, 26, 47), wetehe den gelosten 
Probenstoff zuruckzuhalten vermag, in Beruh- 
rung steht, 

e. die pprose Schicht (16, 26, 47) einen flussi- 
10 gen Elektrolyten enthalt und 

f. eine zwehe Elektrode (10, 20, 55) mit der po- 
rosen Schicht in elektrischem Kontakt steht 

2.. Vorrichtung nach Anspruch 1, wobei die porose 
is Schicht eine mikroporose Membran ist 

3. Vorrichtung nach Anspruch 1, wobei die Membran 
eine Ultrafiltrationsmembran ist. 

20 4. Vorrichtung nach einem der AnsprOche 1 , 2 oder 3, 
wobei die zweite Elektrode eine massive Metall- 
schicht ist. 

5. Vorrichtung nach einem der AnsprOche 1 , 2 oder 3, 
2S ' wobei die zweite Elektrode uber ein Metallsieb mit 

der porosen Schicht. in elektrischem Kontakt steht. 

6. Vorrichtung nach einem der AnsprOche 1 , 2 oder 3, 
wobei eine mit einem Elektrolyten benetzte saugfa- 

30 hige Schicht mit der porosen Schicht in Beruhrung 
steht. 

7. Vorrichtung nach Anspruch 1 , wobei die lertfahige 
Schicht aus Graphtt besteht. 

35 

Revendlcatlons 

1. Disppsitif destine* a recueillir un echantillon, 
40 comprenant : 

a. un tube capillaire (15, 30, 21 , 53) ayant une 
extr6mit6 d'entree (40) et une extr6mlt6 de sor- 
tie (13, 19, 51), ladite extnSmitS d'entree (40) 

45 6tant propre a etre placee dans un liquide con- 

tenant une substance dissoute (38) 
6chantillon ; - 

b. ledlt tube capillaire contenant une composi- 
tion 6lectriquement conductrice, propre a per- 

so mettre ie passage de Tdchantiilon ; 

c. une premiere electrode (31), adjacente a la- 
dite extremity cfentr6e (40) et en contact elec- 
trique avec ladite composition 6lectriquement 
conductrice a I'interieur dudil capillaire ; 

55 

caracierise en ce que 

d. ladite exlremite de sortie (13, 19, 51) est en 


6 


11 


EP 0 477 541 Bt 


contact avec une couche poreuse (16, 26, 47) 
destines a retenir ladite substance dissoute 
echantillon ; 

e. ladite couche poreuse (16, 26, 47) contient 

un electrolyte liquide ; et 5 

f. une seconde electrode (10, 20, 55) est en 
contact Slectrique avec ladite couche poreuse. 

2. Dispositif selon la revendication 1, dans lequel la- 
dite couche poreuse est une membrane micropo- 10 
reuse. 

3. Dispositif selon la revendication 1 , dans lequel la- 
dite membrane est une membrane ^ultrafiltration. 

15 

4. Dispositif selon I'une quelconque des revendica- 
tions 1 , 2 ou 3, dans lequel ladite seconde Electrode 
est une couche de. metal massif. 

5. Dispositif selon Tune quelconque des revendica- 
tions 1 , 2 ou 3, dans lequel ladite seconde electrode 
est en contact electrique avec ladite couche poreu- 
se, au moyen d'un ecran mdtallique. 

6. Dispositif selon Tune quelconque des revendica- % s 
tions 1 , 2 ou 3, dans lequel une couche absorbante, 
humects e par un electrolyte, est en contact avec 
ladite couche poreuse. 

7. Dispositif selon la revendication 1 , dans lequel la- 30 
dite couche conductrice est du graphite. 
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Fig. U 
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Capillary eleotrophorefle sepn. of sample solute • using capillary 
with entrance In sample«oontg* Uq* and exit contacting porous layer 
in electrical contact with electrode 

MTT.T.TPORB CORP 80.08.90-TJS-575111 

SOi JM (01.0i.B2) GOln-27/44 ■ 

28.08.91 as 114191 (60BZ) <B) No-SR.Pub R(DB FR GB) 
Capillary tube (80) containing an electrically conductive 
composition adapted to permit sample passage therethrough has its 
entrance end positioned in a liquid (84) containing a sample solute, 
with a first eleotrode (81) adjacent the capillary end, and Its exit end 
In contact with a porous layer (8), arranged to retain the sample 
solute. The porous layer contains a liquid electrolyte and Is In 
electrical contact with a second electrode. 

Porous layer is an ultrafiltration membrane which can be in 
contact with a metal screen second electrode, or contacting a solid 
metal or graphite electrode via an absorbent layer wetted with 
electrolyte. 

USE/ADVANTAGE - In capillary electrophoresis with fraction 
collection onto a porous substrate after separation by 
electrophoresis. Provides a separation process which does not dilute 
the sample and which avoids sample loss while being simple to 
produce and operate and is compatible with present analysis 
techniques, (lopp Dwg.No.8/8) 
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